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SUMMARY

A multi-faceted program of applied research has been undertaken
intended to lead to control of endemic typhoid fever in Santiago, Chile.
Information gained from these studies will be directly applicable to control
of typhoid fever in U.S. military personnel deployed to endemic areas.
Previously unreported results of these studies are summarized below.

1) Analysis of Notification Data

Typhoid fever has been highly endemic in Chile for decades. In 1958,
and since 1977, incidence rates have virtually doubled compared with the
1960-1981 mean annual rate. The doubling of incidence rates since 1977 is a
nationwide phenomenon. Typhoid fever in Santiago exhibits notable
seasonality, increased rates occurring in Chilean summer. Approximately
one-half of all cases occur in metropolitan Santiago where the incidence peaks
in 1@-14 year old schoolchildren. Notable increases in age-specific incidence
occur at 3 and 6 years of age which provides clues with respect to modes of
transmission.

2) The Prevalence of Chronic S. typhi Carriers in Santiago

The availability of an accurate census and reliable data on the
prevalence of biliary disease and of S. typhi carriage among persons with
cholecystitis allowed an unusually precise estimate of the number of chronic
S. typhi carriers. We estimate that in 198¢ there existed 25,019 female and
4575 male carriers over 1@ years of age in a population of 4,264,514, giving a
crude prevalence of 694 carriers per 105 population.

3) A Simple Serologic Screening Test to Identify Chronic S. typhi Carriers

The passive hemagglutination test for Vi antibody (using highly
purified Vi antigen) was found to be a simple, practical, sensitive and

spacific screening test to identify chronic S. typhi cirriers sven in an
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endemic area. Thrae-fourths of 36 chronic carriers had reciprocal titers
2166 versus only 8% of 388 noncarrier adult females convalescent from
typhoid fever 12-48 months earlier and versus only 3% of 59 healthy Chilean
adults. Only 38% of 29 patients with acute typhoid fever had Vi titers
>168. This serologic test showed 75% sensitivity and 92% specificity in an
endemic area.

4) A Practical, Non-Surgical Treatment for Chronic S. typhi Carriers

'As we ldentify chronic carriers in the course of our project we are
offering them enrollment in a non-surgical treatment study which involves a 28
day course of oral amoxicillin (2.8 gr tid) and probenicid (@.5 gm tid). So
far 23 carriers have completed the course of therapy and 22 have been followed
for at leaSt one menth (14 have been followed for at least six months). Ten
treatment failures have occurred so far; these are usually detec_ted within the
first eight weeks of cessation of therapy. The success rate of this
non-surgical therapy, 55%, is to low to justify its use as a public health
tool. However, for individual patients it provides an attractive alternative
to try and avoid major surgery.

5) Rapid Diagnosis of Typhoid Fever by Detecting Vi Antigen in Urine

Collaborators from the Centers for Disease Control evaluated a

Staphylococcus aureus coagglutination test and an enzyme-linked

immunosorbent assay (ELISA) for Vi antigenuria. Performed with currently
available antisera these tests wer2 unsatisfactory, being insufficiently
sensitive and specific.

6) Large-Scale Field Trial of Ty2la Attenuated S. typhi Oral Vaccine

In March and April 1982 informed consent was solicited from the
parents and guardians of 139,222 schoolchildren ir Area Norte of Santiago,
Chile to enter their children in the field trial evaluating Ty2la oral vaccine
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in enteric-coated formulation. Parents of 92,288 cihildren gave consent. In
May and June 1982 88,163 of these children were orally vaccinated.
Approximately one-third of the randomized children received two doses of
vaccine, one~third received one dose of vaccine and the remainder received
placebo. The controlled field-trial is being carried out in a dcuble-blind
fashion. Intensive clinical and bacteriologic surveillance has been
established; as of Jan. 30, 1983, 81 cases of confirmed typhoid have been
detected so far in schoolchildren of &rea Norte.

7) Environmental Bacteriology Studies

Because epidemiologic observations have incriminated the use of
untreated sewage for irrigation of vegetables in the Maipu section of Santiago
as a potentially important source of transmission of S. typhi, environmental
bacteriologic studies were begun. Multiple previous studies had shown heavy
fecal contamination of the Zanjon d= la Aguada (an open sewer that services
southern Santiago and whose untreated sewage water is used for irrigation) but
failed to isolate S. typhi. Our environmental bacteriology studies relied
heavily on the use of Moore swabs, thick wads of cotton gauze that remain in
the sewers for 2-3 days. During the first two weeks of sampling in January
1983, S. typhi were recovered from a sewer Araining a Santiago hospital, the

home of a known chronic carrier and from sewage water from two points along
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I. INTRODUCTION

Typhoid fever, the acute, often debilitating, febrile illness caused

by Salmonella typhi is endemic in many less-developed areas of the world.

Man is the sole reservoir and hast of this infection, in contrast with other
salmonella serotypes which are typically zoonoses infecting domestic and herd
animals. Approximately 3-5% of acute infections result in chronic gall
bladder infection; such chronic S. typhi carriers help to maintain the
endemicity of the disease by contamination of food and water vehicles.

Typhoid fever is highly endemic in Santiago, Chile. This is a2
perplexing, as well as challemging, observation since in other ways Chile is a
technologically-~advanced, highly literate country whose demographic and health
statistics would lead one to expect little typhoid fever or other enteric
infections. The literacy rate in Chile exceeds 95%, the 1981 infant mortality
rate is 27 per 1008 live births, measies and pertussis have been greatly
reduced by immunization, and poliomyelitis has been eradicated (Table 1).

Yet the incidence rates of typhoid fever in Chile in recent years have ranged
from 58 to >10@ per 105. Approximately one half of all cases and the highest
incidences rates occur in the capital, Santiago. The complexity of the
epidemiologic situation responsible for maintenance of urban endemiz typhoid
fever in Santiago is further highlighted by the occurrence of high incidence
rates in populations of the highest socioeconomic level and in a striking
seasonal pattern.

In contrast, because of the relatively advanced technology and
educational development of Chile and its population, there exist human
resources of a level of sophistication and professional competence rarely

found in other areas where typhoid fever is endemic. It {s into this

..................................................



challenging and fascinating area that we proceeded with our project “"Studies
to Control Endemic Typhoid Fever in Chiie". The project camprises several
distinct, yet mutually-related components including:

1) Intensive study of the descriptive epidemiology of typhoid fever
in Chile (Santiago in particular) to gain insights into possible modes of
transmission.

2) A case/control study to identify risk factors and to incriminate
vehicles of transmission of S. typhi.

3) A study to quantify the prevalence of chronic S. typhi carriers.

4) Development of serologic and other simple screening tests to
identify chronic S. typhi carriers.

5) Ewvaluation of a simple, practical, non-surgical treatment for
chronic S. typhi carriers.

6) Evaluation of the sensitivity and specificity of the diagnosis of
acute typhold fever by detection of Vi antigen in urine.

7) A large-scale field trial of the efficacy of Ty2la attenuated S.
typhi oral vaccine formulated in enteric-coated capsules.

The progress of each of these components of the project will be
sumarized in the ensuing pages.

II. DESCRIPTIVE EPIDEMIOLOGY OF ENDEMIC TYPHOID FEVER IN CHILE

Table 2 1lists the population of Santiago and all of Chile, numbers of
cases of typhoid fever and incidence rates for ten years 1968-1981., One notes
that approximately one-half of the cases of typhoid fever in any year are
reported from Santiago. It is clear that in the period prior to 1970 an
unusually high incidence occurred in 1968. In 1977 the incidence of typhoid
faver doubled and has since remained at such elevated rates. It is not clear

what factors are responsible for the doubling of the notification rate for




typhoid fever since 1977. A sudden change in notifications for administrative

reasons is possible but unlikely. Notifications of other reportable diseases
such as meningitis, pertussis, and venereal disease did not go up. Henceforth
we shall refer to the years 1977-1981 as the hyperendemic years for typhoid.

Table 3 shows the seasonal distribution of ~ases in Santiago. It is
obvious that the cases in the hyperendemic years 1977-1981 occurred in the
same sSeasonal pattern as typhoid fever in earlier years.

The increased incidence rates for typhoid fever that began in 1977
were evident throughout most of Chile as shown in Table 4. This observation
suggests that the phenamenon was country-wide.

The age-specific incidence rates for typhoid fever in Santiago for the
periods 1978-1976 and 1977-1981 are shown in Table 5. It is clear that the
patterns are quite similar, so that the increased incidences since 1977 cannot
be attributed to an epidemic confined to one age group. The incidence rate is
relatively low in children less than five years of age. Throughout schoolage
years the rates are high, peaking in the 18-14 year age group. Beyond 35
years of age the attack rates fall precipitously.

Table 6 lists the incidence rate by year of age from <1 through age 9
for children living in the northern area of Santiago (Area Norte) in the
hyperendemic years 1977-1981. Very little typhoid fever is reported in the
first year of life. From age 13-24 months and 25-36 months, rates are still
low (38.2 and 54.4 per 185 children). Three year olds show a notable and
marked increase in the incidence of typhoid fever (135.6 per 185), an increase
of 149% over the rate seen in 2 year olds. The rates in four and five year
olds are only slightly greater than those seen in three year olds. Again,
however, In six year olds the incidence rises sharply. The rates in children

7, 8 and 9 years of age vary little from rates in six year olds.
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Thesa observations suggest that certain activities and changes in

attitudes and practices (particularly regarding food) must occur in Chilean
childran when they reach three and six years of age which put them at
significantly greater risk for development of typhoid fever than children one
year younger (i.e. two and five year olds). Six year olds go to school, five
year olds do not. Many children in Chile attend Jardines Infantiles
(pre-school nurserfes) beginning at three years of age. It is likely that
these major sociological changes that occur in the lives of Chilean children
at 3 and 6 years of age (Jardin Infantil or school attendance) are associated
with other changes in behaviour, including food intake, that greatly modify
risk of ingestion for S. typhi.

The paucity of notifications of typhoid fever in children less than
three years of age could represent /n important clue in understanding the
epidemiology of typhoid fever in Chile. However, we must carry out studies to
confirm or refute the absence of clinical S. typhl infection in these young
children. This is particularly crucial since some reportsl have suggested
that in infants and toddlers the illness due to S. typhi infection is
atypical and often mild and thus may be much more common than usually
believed.

In January, 1983 we began a systematic study to determine whether
atypical, clinically mild, S. typhi infectionAoccurs in Chilean infants and
toddlers or whether such infections are indeed rare because young children do
not consume the contaminated vehicles of transmission that older children
consume. A single blood culture is being collected from all children less
tﬁan two years of age with fever (>380C) attending two clinics (Pincoya and
Consultorio Dos) in Area Norte. The study is in operation three days each

week in each clinic. As of mid-January, 2 of 15 children cultured at Pincoya
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and @ of 12 at Consultorio Dos had positive cultures. The two positive
cultures cccurred in infants 9 and 18 months of age. This study will be
continued at least through the end of March by which time we should have a
reascnable data base fram which we can formulate clearer co.uclusions regarding
the relative frequency of S. typhi infection (or lack thereof) in young

Chilean children.

ITII. CASE/CONTROL STUDY TO IDENTIFY RISK FACTORS AND VEHICLES Of

TRANSMISSION OF S. TYPHI

Results and analysis of this component of the program were described
in depth in the last annual report.
Iv. A PRECISE ESTIMATION OF THE PRZVALENCE OF CHRONIC S. TYPHI CARRIERS IN

SANTIAGO, CHILE

In last year's annual report we summarized results of a study carried
out by Dr. Conrado Ristori of the Ministry of Health, Chiie. He cultured 1900
consecutive gall bladders removed from patients in Santiago undergoing
cholecystectomy. S. typhi was recovered from 3.8% overall of the 1000
patients having cholecystectomy. This information and data on the
age-specific prevalence of cholelithiasis in Chile were utilized to compute
the prevalence of chronic S. typhi carriers in Santiago. Results of this
exercise were recently published and are included as Appendix A.
V. A SIMPLE SEROLOGIC SCREENING TEST TO IDENTIFY CHRONIC S. TYPHI CARRIERS

The role that chronic carriers play in providing a reservoir of S.
typhi and in serving to contaminate food and water vehicles has been
discussed. Simple yet reliable screening tests are required to allow public
health authorities to rapidly identify ncr_iers and thence to offer them

treatment or ensure that they do not work as foodhandlers.




Heretofore two methods were generally available to scrzen for carriers
and another two methods were ordinarily used for confirmation. The screening
tests included:

i) Culture of at least three consecutive stools.

i1) Tests for Vi antibody using partially puritied Vi antigen or whole
Vi-containing bacteria. 2-9

Each of these screening tests had significant drawbacks. For example,
known carriers commonly have negative stool cultures if the stool specimens
are fully formed.l8-13 This is because the short chain fatty acids produced
as end products of metabolism by normal anaerobic and aerobic colonic flora
are highly inhibitory to salmonella; so a delayed intestinal transit time can
result in suppression of the organism. In the past, the practice used to
overcome this was to administer oral purgatives such as MgSQ4 to induce watery
stools accompanied by a rapid intestinal transit.l8,13 In this way bile and
upper intestinal fluid rapidly reached the colon and were excreted. Induction
of bouts of diarrhea on one or more occasions was not well-appreciated by the
suspect carrier!

The other method of confirming the existence of chronic gall bladder
carriage was to have individuals ingest intestinal tubes leading to intubation
of the duodenum or jejunum wherein bile-stained material could be collected
for culture.l@,1l prior to development of the EnterotestR gelatin string
capsﬁle device, intestinal intubation was a procedure that was uncomfortable,
time-consuming and, depending on the tube and method, required considerable

clinical supervision.




Serologic screening tests for carriers based on measurement of Vi
antibody were until recently highly variable and the subject of much
acrimonio@ disagreement.2-9 This was so because highly purified
preparations of Vi antigenl4 were not yet available as a reagent.

T™wo significant advances have recently been described that offer great
promise as screening and confirmatory tests for detection of S. typhi
carriers:

i) Chau and Chan,l5 and Nolan et al.l6,17 have developed a passive
hemagglutination assay (PHA) for detection of Vi serum antibodies that
utilizes highly purified Vi antigen.l4 This test has been shown to be quite
sensitive and specific in preliminary reports involving small numbers of
individuals tested.l5-17 This PHA Vi antibody test offers great potential as
a simple screening test to detect asymptamatic chronic carriers when large
numbers of individuals must be screened.

i) Gilman et all8 have described use of the gelatin string capsule
device as a simple, practical, and non-discamforting way to obtain
bile-stained duodenal fluid for culture. In this way suspect chronic carriers
can be confirmed by direct culture of S. typhi from proximal small
intestinal fluid.

Detection of Carriers

We have undertaken studies to evaluate each of these two tests. In
seeking to detect chronic S. typhi carriers, one of our project public
health nurses has reviewed the records of admissions to the Hospital
Enfermedades Infecciosas (the Infectious Disease Hospital) of Santiago. She
has been collecting the names and addresses of women admitted with typhoid
fever at least 12 months earlier who were 25 years of age or older. Letters

are being sent to these women requesting that they visit our nurse at the



hospital for collection of specimens. Each woman is being asked to swallow a
gelatin string capsule device to collect duodenal fluid, to provide three
stool specimens for culture and to allow a blood sample to be obtained for Vi
antibody tests.

Between November 1981 and December 1982 our nurse reviewed 12,728 case
records to detect wamen age 25 years or older who were admjtted 12-48 months
earlier with a confirmed diagnosis of typhoid fever. Among these 12,728
cases, 1015 (8.9%) fell into the proper category. Letters on Ministry of
Health stationary were sent to all 1015 women; 542 of these 1015 (53%) women
were bacteriologically screened (3 stool and 1 bile culture), among whom 34
chronic carriers were detected (6.3% of the screened women) . These 34
carriers had positive bile ard stool cultures.

Vi Serology

Using highly purified Vi antigen kindly supplied by Dr. Join Robbins
of the Bureau of Biologics, Bethesda, M., we adopted the PHA assay for Vi
antibody as described by Nolan et al.l6,17

Studies were carried out to assess the sensitivity, specificity and
rapeatability of the assay with respect to adapting it for use in Chile, a
highly endemic area.

Studies have been completed with sera from the following populations:

i) 36 known, culture-proven, chronic S. typhi carriers.

ii) 29 Chileans with acute typhoid fever (sera drawn four to 19 days
following onset).
iii) 388 Chilean females over 25 years of age who had acute typhoid

fever 12-48 months earlier and were shown not to be chronic carriers.




iv) 59 healthy Chilean adult men and women living in areas of Santiago
where typhoid fever is highly endemic.

Results of Vi antibody assays on these sera are shown in Tabel 7.
Twenty-seven of the 36 chronic carriers (75%) had reciprocal Vi antibody
titers >164. In contrast only 38% of 29 patients with acute typhoid fever
mani fested reciprocal tiers of 160 or above. Only 8% of 388 women who had
confirmed typhoid fever 12-48 months earlier and who had negative tile and
stool cultures when screened for chronic carrier status had Vi titers >160.
Similarly titers > 168 were found in only 3% of 59 healthy Chilean adults
(who were not tacteriologically screened for their carrier status).

These results demonstrate that the PHA serologic test for Vi antibody
is quite useful even in an endemic area like Santiago, Chile. The test was
75% sensitive and 92% spe.ific when performed with highly purified vi
polysaccharide as antigen. These observations suggest that this serologic
test can play an important role in the search for carriers in epidemiologic
investigations and work-ups of outbreaks, even in endemic areas.

VI. EVALUATIGH OF A SIMPLE, PRACTICAL NON-SURGICAL TREATMENT FOR CHRONIC S.

TYPHI CARRIERS

Once chronic S. typhi carriers are identified, one would like to be
able to successfully eradicéte the carrier state, thereby assuring that the
individual no longer poses a risk to others as well as releasing the person
from various restrictions. Until recently, medical (i.e. antibiotic) therapy
alone was largely ineffective in curing the chronic S. typhi infection,
particularly if gallstones were present.l9-21 particularly disappointing in
efficacy were the antibiotics chloramphenicol and trimethoprim/-
sul famethoxazole which are, in contrast, so superior in treating acute

infections. The combination of cholecystectomy plus several weeks of
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antibiotic therapy i§ highly successful in eradicating the chronic carrier
state.22 However, gall bladder surgery is neither a practical nor economical
alternative and is often refused by carriers.

In 1972 Scioli et al23 reported successful treatment of 19 chronic S.
typhi carriers by medi-al therapy alone by use of 15 consecutive days of
intravenous ampicillin (1.8 gm every eight hours) in hospitaliced patients.
Although intravenous ampicillin is also not a practical form of therapy, this
paper established that the carrier state could be eradicated without surgery
if sufficiently high concentrations of an effective antibiotic could be
achieved in the gall bladder. Ampicillin is concentrated in bile ard is
bactericidal in vitro against S. typhi.

Amoxizillin is an analogue of ampicillin that is superbly absorbed
following oral administration (giving two to three times the serum lc.els of a
comparable dose of oral ampicillin) and is concentrated in the bile.
Amoxicillin is therefore attractive as a possible oral therapy for chronic S.
typhi carriers. In one report,24 15 carriers were treated with oral
amoxicillin (2.8 gm three times daily) for 28 days. Nine of 1@ patients who
were able to complete therapy were cured. In five patients the dosage had to
be cut in half; of these, only two were cured.

Methods and Results

We have undertaken to evaluate the efficacy of combined therapy with
oral amoxicillin (2.0 gm thrice daily) and probenecid (8.5 gm thrice daily) in
eradicating the chronic S. typhi carrier state. So far, 23 chronic gall
bladder carriers in Santiago, Chile have completed the course of treatment;
the results are summarized in Table 8. Occasional patients have experienced
mild diarrhea during the first seven to ten days of therapy but not of a

severity requiring cessation or alteration of treatment. None complained of




11

cramps, nausea or vomiting. Of the 23 patients who completed the course of
therapy 22 have been followed so far for at least one month and 14 for at
least six months. Of these 22 patients, 10 treatment failures were noteu; in
seven instances therapy failure was documented within the first or second
month, while two fai_ures were detected at four months and one at six months
post-therapy. These later failure isolates are being phage~typed to compare
them with the original isolates from the patients.

At present the failure rate of this non-surgical therapy is 45% (19 of
22). This failure rate is too high for this therapy to be employed as a
public health tool. However, in individual patients, a one month .ourse of
therapy with amoxicillin with a 55% chance of success, thereby aveoiding major
surgery, must be regarded as an attractive option. Ultimately 30 patients
will be entered into the study and will be followed for one year post-therapy.
VII. RAPID DIAGNOSIS OF ACUTE TYPHOID FEVER BY DETECTION OF Vi ANTIGEN IN

URINE

This component of the project was carried out hy Drs. David Taylor and
Jeffrey Harris of the Centers for Disease Control who collaborated with
clinicians and bacteriologists at Hospital Roberto del Rio (the children‘s
hospital in Area Norte) and the Infectious Diseases Hospital. A manuscript

sumarizing this study is included as Appendix B.
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VIII. A LARGE-SCALZ FIELD TRIAL OF EFFICACY OF TY2la ATTENUATED SALMONELLA

TYPHI ORAL VACCINE

This portion of the report will comprise the following sections:
1) Additional studies in U.S. volunteers to compare dosage schedules,
2) Summary of the large-scale administration of vaccine or placebo to 88,000
Chilean schoolchildren.
3) Description of the surveillance system in the field area.
4) Preliminary results of surveillance.

A. Studies of Ty2la in U.S. Volunteers

Ty2la is a stable attenuated mutant of Salmonella typhi that has

proven to be a safe, protective oral vaccine. A recent field trial in
Alexandria, BEgypt evaluated three doses of 189 viable cells of this strain
given in a five day period. Lyophilized vaccine preparations were
reconstituted in a diluent containing phosphate salts and sucrose and drunk
after neutralization of gastric acidity by one gram of NaHCO3. ‘The results of
this study indicate that when given in this manner the vaccine has a 96%
protection rate for at least three years.25

In the previous annual report we summarized preliminary studies that
were carried out in college students and medical students at the University of
Maryland to identify a more convenient formulation for the vaccine than was
used in Alexandria and to determine the feasibility of immunizing with one or
two doses. We assessed immune response by means of an enzyme-linked
immunosorbent assay (ELISA) which measures serum IgG and IgM antibody to the

purified lipolysaccharide of Salmonella typhi. Although circulating antibody

is almost certainly not the mediator of protective Limunity conferred by Ty2la
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oral vaccine, such antibody is a simple and conveniant measure of immune
response to the vaccine; thus it was selected to compare formulations and
dosages of vaccine in various groups.
T™wo formulations of vaccine comparéd include:
1) Vaccine contained in enteric-coated capsules (189 viable organisms per
capsule) .
2) Vaccine contained in a gelatin capsule (109 organisms); this capsule is
ingested after two other gelatin capsules each containing 3.5 gm NaHCO;.
In total 160 U.S. students participated in this comparison. The
results are summarized in Table 9. No significant differences were noted in
rates of seroconversion of O antibody in persons who ingested enteric-coated
capsules versus vaccine with NaHCO3, nor wefe significant differences
encountered among those who ingested one, two or three doses of enteric-coated
vaccine., Based on these observations a decision was made to employ
enteric-coated capsules of Ty2la vaccine in the field trial in Chile and to
compare the efficacy of one dose versus two doses versus placebo. |

B. Large-scale Field Trial in Santiago, Chile - Summary of Vaccination

The northern administrative region of Santiago, Chile (Area Norte) was
salected as the site to carry out the vaccine field trial. Metropolitan
Santiago has a population of 4,363,026, while Area Norte contains a total
population of 598,635, The general sociceconomic level in Area Norte is
low-middle or low. Approximately 80% of all health care visits occur in
health centers (consultorios) of the National Health Service.

In May 1981 there were 139,222 schoolchildren in Area Norte enrolled
in 3655 classes within 227 schools. Since typhoid fever is largely a disease
of schoolage children (incidence rates are highest in 10-14 year olds ard

55-60% of cases occur in children 5-19 years of age), we proposed to vaccinate
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children within schools and carry out intensive surveillance. In 1981, prior
to the field trial, the incidence of confirmed (1solation of S. typhi from
blood or bone marrow) cases of typhoid fever in Area Norte schoolchildren was
160 per 185, a rate four-fold higher than seen in the control population in
the Alexandria field trial.25

Notices explaining the va~:ine trial and requesting info;med consent
were sent to the parents and guardians of all 139,222 schoolchildren in Area
Norte. Parents of 92,238 gave consent (66%). These children were randomized
into three groups (AA, AB, BB) to receive two capsules during the
immunization. The identity (vaccine or placebo) of the two preparations
labelled A or B is unknown to any of the U.S. or Chilean personnel involved in
the trial; the code is being maintained in secrecy in Berne, Switzerland.

In January, 1982 the Ministry of Health of Chile decided that it would
be least disruptive to their on-going operations if the administration of
vaccine could be carried out in two days of mass application. Accordingly, a
formal agreement wes signed between the Ministry of Health and the Ministry of
Education identifying two dates, May 26 and June 2, 1982 when the mass
administration of capsules would be carried out. It was agreed that on that
day the Ministry of Health would shut down its 13 consultorios in Area Norte
except for a skeleton staff to provide emergency health care. The nurses,
nurses-in-training, and health auxiliaries from the 13 consultorios (totalling
225 individuals) were to be assigned to participate as "vaccinators" in the
large-scale vaccination. The Ministry of Education agreed that on those dates
the primary role of teachers would be to assist in vaccination. The teachers

also filled out a master form (planilla) for each of their classes,
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line-lisfing each child, his/her birthdate and whether parents had given
permission to participate in the trial. These planillas were used during
vaccination to mark what preparation the child received and on what date.

Capsules of A and B arrived from Switzerland and were immediately
transported to the refrigerated central vaccine storage facility. Appropriate
numbers of capsules were packaged for each class. Capsules were delivered to
the consultorios from which vaccinators assiyned to specific schools and
classes collected their allotments and transported them to their schools in
plastic vaccine containers with ice packs. Vaccinators also carried planillas
with line lists of the children and plastic drinking cups.

In mid May a pilot vaccination was carried out in 10,006 children in a
large technical/vocational school in Area Norte. This pilot vaccination
proceeded without notable obstacles. Accordingly on May 26, 1982, the first
scheduled mass vaccination day, 76,309 schoolchildren in 226 schools were
successfully given capsules of A or B. (ne week later the second dose was
given. Over the next 2-3 weeks the children absent on the mass vaccination
days (circa 2000) were given capsules. During the mass vaccination 13 head
nurses and eight senior personnel made random spot visits in the schools to
assess the progress of the vécclnation. In no instance were significant
problems encountered. Every supervisor (MML and REB included) encountered
extraordinarily smooth functioning of the vaccination process in all
classrooms.

A suimary of the total number of children vaccinated, with what
preparation and number of doses, is shown in Table 14.

The planillas containing precise demographiq information on each child
as well as what vaccine was ingested were collected and the data entered into

a computer. A computer print-out was obtained which contains demographic data

P RwS YUy
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and whether or not the child received one or more capsules but no information
of what specific preparation was received. This print-out is utilized during
surveillance. The original planillas are kept locked in the Ministry of
Health and will not be consulted until the end of the first season of
surveillance.

C. Surveillance System

There are three main goals to our surveillance activities:
1) To increase the recognition of potential cases of typhoid fever in
schoolage children.
2) To intensify the bacteriologic evaluation of suspect cases.
3) To standardize the clinical evaluation of suspect cases of typhoid fever.
Awareness of the need to maintain surveillance for cases of typhoid
fever in children who attend school in Area Norte is being accomplished in
several ways:
1) By weekly visits to 2ach consultorio at which time a short discussion is
held with the physician amd nursing staff.
2) Weekly visits to the children's hospitals and the Infectious Disease
hospital.
3) Letters sent tc each private physician making him/her aware of the
surveillance program and providing information on who to call if
a suspect case is seen.
4) Letters and visits to private health centers in Area Norte and private
laboratories that do blood cultures to explain the surveillance system. |
Collection of clinical information on patients suspected of having
typhoid fever has been standardized by providing a standard form (Appendix
C) which the clinicians examining the patient £ill out. These forms are

available in all the consultorios and hospitals.
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Bacteriologic surveillance has been intensified in two major ways:

1) By assuring that all suspect cases of typhoid fever seen as cutpatients in
consultorios have two blood cultures taken.

2) By assuring that all schoolage children admitted to the Children's
Hospital in Area Norte (Hospital Roberto del Rio) have three blood
cultures and a bone marrow culture.

Prior to this year blood cultures were not routinely performed on
outpatients suspected of having typhoid fever seen at the consultorios. At
present the 13 consultorios are provided with syringes, needles, iodine swabs
and blood culture bottles containing trypticase soy broth and SPS. Blood
cultures are transported dzily to the bacteriology laboratory of Hospital
Roberto del Rio for processing. Positive results are reported both to the
consultorio and to the office of the typhoid control program.

Within Hospital Roberto del Rio patients admitted with a clinical
diagnosis of typhoid fever are now routinely having three blood cultures and
one bone marrow culture. This is a noticeable change from the situation that
existed two years ago. At that time, although such cultures were the written
hospital nom and were official policy, they were not routinely obtained.

D. Preliminary Results of Surveillance

Typhoid fever exhibits striking seasonality in Santiago, Chile, the
season extending throughout the warm months of mid-December through April. (It
should be noted that children are on summer holiday from mid-Cecember through
the first week of March). As of January 36, 1983, 31 cases of confirmed

typhoid fever were detected in schoolchildren of Area Norte.




18

I¥X. ENVIRONMENTAL BACTERIOLOGY STUDIES

Epidemiologic investigations carried out under this project suggest
that the consumption of fruits and vegetables irrigated with untreated sewage
water during summer season in Santiago, Chile could represent an important
mode of transmission of S. typhi. This hypothesis successfully explains the
following observations:

1) Striking seasonality (irrigation is maximum in the hot seashn when no rain
occurs; this is the typhoid season).

2) low incidence of typhoid in young children (raw vegetables are not an
important food item for infants ard toddlers).

3) High incidence of typhoid fever in neighbor’ jods and populations of high
socioeconomic level (they eat salads and fruits in roestaurants as well as at
home) .

4) Low incidence of typhoid fever in the “Lakes™ region of Chile (because of
year round rains irrigation is not ''sed in this area).

The water supply of Santiago is closely bactericlogically monitored
and is'potuble. The vast majority of households in Santiago have flush
toilets cornected to a sewer system. 'Ihislsewer system, however, empties into
the Mapocho River without any treatment whatsoever. The largest single sewer
conduit is the Zanjon de la Aguada which is an open sewer that traverses all
of southern Santiago (flowing from east to west) before emptying into the
Mapocho river southwest of the city. As the Zanjon traverses the
southwestern portion of metropolitan Santiago (an area called Maipu) its
fecally-polluted, untreated waters are diverted into irrigation ditches. This
area of cultivation, Maipu, produces mainly lettuce, cabbage and celery,

vegetables that are difficult to wash and are typically eaten raw in salads.
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It has long been considered likely that vegetable produce from the
area of Maipu is contaminated with S. typhi. Accordingly, multiple ‘
bacteriologic examinations were car-ied out by various Chilean microbiologists :
attempting to culture S. typhi from the waters of the Zanjon and the Mapocho
River and from vegetables, particularly lettuce, culture in Maipu.26-31 The
waters of the Zanjon and the Mapocho River and vegetables from Maipu were all
shown to be heavily contaminated with fecal coliforms. Many non-typhoidal
salmonellae were isolated but S. typhi was never recovered from the Zanjon and .
on only one occasion was S. typhi ever recovered from Mapocho River.3l The
failure to isolate S. typhi from polluted waters of the Zanjon has had

far-reaching implications by giving rise in some circles to tlhe notion that

these irrigation waters are not important in transmitting S. typhi. For
example, one recent exercise supported by the Office of Planning32 involved a
cost-hbenefit analysis of establishment of sewage treatment plants for
Santiair. In this analysis, typhoid fever morbidity and mortality were not
included either with respect to economic consequences or potential benefits,
because S. typhi had never been recovered from the waters of the Zanjon.

The past failure to isolate S. typhi from the polluted waters of the
Zanjon is in conflict with our epidemiologic observations implicating
consumption of vegetables irrigated with untreated sewage as a likely mode of
transmission of typhoid fever. Accordingly, we decided to review the previous
studies and embark on one more effort to carry out environmental bacteriology
in collaburation with Drs. Ana Maria Cordano and Hernan Lobos of the Instituto

de Salud Publica. From our review of the previous Chilean literature we

concluded that the bacteriologic methods employed were highly appropriate,




indeed laudable. However, we felt that the environmental sampling was not
optimal. Water samples removed from the Zanjon in the past were directly
platad or inoculated into enrichment broth without concentration.

Our major modification then was to introduce new techniques of water
sampling. The technique chosen was that of the Moore swab,33 which is a thick
wad of cotton gauze dropped into the flewing waters of a sewer and fastened by
means of nylon string. Moore swabs have been used with great success in
industrialized countries to detect the homes of chronic S. typhi carriers by
sampling sewage effluents.33,34 Since Moore swabs were so successful in
detecting S. typhi excreted by one carrier among the sewage outfall of large
numbers of non-carriers, we reasoned that this sampling method might prove
useful in Chile. Consequently, Dr. Stephen Sears of the CVD went to Chile in
January, 1983 to initiate these studies.

The initial sites sampled included sewers of three hospitals, homes of
four known chronic S. typhi carriers and three points along the Zanjon de la
Aguada. The Moore swabs were left in place for three days. 8. typhi were
recovered from a sewer draining Hospital Salvador, one house of a chronic
carrier and from waters of two of the three sites sampled along the Zanjon.
These represent the first documented isolations of S. typhi from the Zanjon.
Based on these exciting positive preliminary results we will now intensify
the environmental bacteriologic studies. Dr. Sears received particularly
critical assistance in these studies from Dr. Julio Monreal (a sanitary
engineer who accompanied the team when swabs were inserted and collected), Dr.
Ana Maria Cordano (who assisted in bacteriology) and Dr. Catterina Ferreccio

(our coordinating epidemiologist).
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X. PERSONNEL AND LOGISTICS

The project presently employs fulltime:

1) An epidemiologist/coordinator (Dr. Catterina Ferreccio).
2) Three public health nurses.

3) Two drivers.

4) A secrotary.

During the typhoid fever season we have also employed for several
months:

1) Two laboratory auxiliaries to assist in handling the vast quantity of
bacteriological work (blood cultures, marrow cultures, etc.).
2) Two nurse auxiliaries to assist in clinical aspects.

One public health nurse from the Ministry of Health also works
part-time on the typhoid fever project throughout the year.

During typhoid fever season the full-time staff spend 80-100% of their
time on surveillance activities related to the vaccine field trial.
Maintenance of intensive surveillance is time-consuming since 13 Consultorios
must be visited at least weekly, Hospital Roberto del Rio daily, the
Infectious Diseases Hospitél every other day, and three other hospitals must
be visited at least once weekly. The Consultorios must be kept supplied with
surveillance forms, blood culture materials etc. Information on positive
blood cultures must be promptly transmitted to physicians and nurses at the
Consultorios to assist in management of the patients.

The project has at its disposal one vehicle belonging to the project
and one more assigned by the Ministry of Health. During peak typhoid fever
season the vehicles are in constant use for surveillance-related activities.
During this high season there is definite need for one additional vehicle and

driver.
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Table 1

INFANT MCRTALITY RATE AND INCIDENCE OF CERTAIN
IMMUNIZABLE CCMMUNICABLE DISEASES
IN CHILE 1964-1S980

— — — Meastes _ _ _
Cases  INCIDENCE
35,941 428.3*
9,538 99,7
8,413 82.1
3,844 34,0

*RaTE FErR 100,000

— - Berrussis _ Jmmm&um_-%gﬂ§
Cases INCIDENCE Cases INCIDENCE __ RATE
5,278  62.9* 363 4,3*  105.3¢
2,905 30.4 64 0.7 78.7
2,550 24,9 2 0.0 55.4
2,795  25.2 0 0 31.8

+RATE PER 1,000 LIVE BIRTHS
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' Table 2
POPULATION SIZE, NUMBER OF CASES OF TYPHOID FEVER AND MORBIDITY RATES FOR

TYPHOID FEVER IN CHILE AND METROPOLITAN SANTIAGO 1960 - 1981

CHILE SANTIAGO
No. of Rate _per No. of Rate_per
Year Population Cases 10° Population Cases 109
1960 7,585,350 4548 59.6 2,439,093 2078 85.2
1961 7,770,270 4618 59.2 2,530,593 2401 94.9
1962 7,955,190 3873 47.9 2,622,094 2034 77.6
1963 8,140,110 4185 50.9 2,713,595 2158 79.5
1964 8,325,030 4732 56.0 2,805,096 2731 97.4
1965 8,509,950 5598 64.8 2,896,596 2754 9.1
1966 8,681,671 4576 51.5 2,984,350 2688 90.1
1967 8,853,393 4536 49.8 3,072,103 2747 89.4
1968 9,025,115 7091 75.8 3,159,857 . 4590 145.3
1969 9,196,837 5358 - 46.0 3,247,610 3463 106.6
1970 9,368,558 - 5344 57.0 3,334,936 3408 102.2
1971 9,545,449 4784 50.1 3,425,061 3007 87.8
1972 9,722,341 4527 46.6 3,514,220 2640 75.12
1973 9,899,231 3688 - 37.3 3,603,465 1865 51.8
1974 10,076,123 4655 46.2 3,693,767 2424 65.6
1975 10,253,014 6110 59.6 3,786,016 3500 92.4
1976 10,454,387 6180 59.1 3,879,626 3545 91.4
1977 10,655,757 11,533 108.2 3,974,437 7070 177.9
1978 10,857,128 13,114 120.8 4,070,293 8334 204.8
1979 11,058,498 10,760 97.3 4,167,006 6358 152.6
1980 11,259,871 10,872 - 9.6 4,264,518 6827 160.1
1981 11,477,150 10,789 94.0 4,363,026 6936 159.0
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Table 3
MEAN NUMBER OF TYPHOID FEVER CASES BY MONTH
IN SANTIAGO, CHILE, 1970 - 1976 AND 1977 - 1981

Mean No. of Cases

1970-1976 % of Total 1970-1976
421 141 948
403 13.5 917
415 13.9 1015
400 13.4 867
302 10.1 605
183 6.1 529
103 3.5 282

76 2.5 124
62 2.1 162
109 3.7 215
167 5.6 601
340 11.4 841

Mean No. of Cases

12

14.
12.

11.

w0 W N

..................................................................

% of Total
13.

3

.9

3
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Region
Chile

Tarapaca
Antonfagosta
Atacama
Coquimbo
Valparaiso
Santiago
0'Higgins
Maule

Bio Bio
Araucani..
Los Lagos
Aysen

Magallares

. w-
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Table 4

INCIDENCE RATES OF TYPHOID FEVER IN CHILE

BY REGION, 1970-1976 AND 1977-1981

1970-1976

Mean Pog'n
9,872,660

200,782
279,930
172,423
376,871

1,084,437

3,605,299
531,786
663,875

1,355,981
643,877
804,820

54,804
97,774

Rate

50.
39.
33.
23.
51.
29.
80.
86.
39.
24,
20.
13.
39.
74.

*Cases per 100,000

N o w o &

A W W W o

1977-81

Mean Pog'n
10,92¢,125

233,543
308,454
194,856
410,836
1,209,677
4,167,855
561,867
700,129
1,455,678
653,817
854,213
62,206
106,992

Rate

103.
81.
52.
36.

123.6

60.
170.
106.

66.

59.

53.

21.

55,

31.

~N W W W

Percent Rise

over 1970-1976

Rate

104
106
57
54
140
109
111
22
67
140
163
61
a1
-58
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Table 5
AGE-SPECIFIC INCIDENCE RATES AND CASCS OF TYPHOID
FEVER, SANTIAGO, CHILE 1970-1976 AND 1977-1981.

_____ %o -9 ____ ____ 1977 - 1981 _ _ _ _
Mean Mean
Mean % of Incidence Mean % of Incidence Fold
Age Group No. Cases Total per 103 No. Cases Total per 10g Increase

170 5.9 38.7 421 6.4 89.2 2.3
524 18.3 126.5 1193 17.1 272.2 2.2
624 21.8 152.2 1413 20.3 333.0 2.2
497 17.3 135.5 1465 21.0 283.4 2.1
421 14.7 126.4 728 10.5 246.7 2.0
407 14.2 72.0 1023 i4.7 1563.3 2.1
134 4.7 33.6 366 5.3 74.6 2.2
52 1.8 17.4 179 2.6 50.2 2.9

23 0.8 10.8 86 1.2 36.0 3.3

9 0.3 5.2 79 1.1 38.5 7.4




1570-
1981 Year of Age
14.9*
32.9 121
40.8 24
90.8 123
96.9 6.7
120.3 24
173.0 43
155.9 11
199.6 28
203.1 1.7
* Cases per 100,000

INCIDENCE RATES OF TYPHOID FEVER BY AGE,

Percent Increase in
Rate over Preceding

AREA NORTE 1970-1981 AND 1977-1981

1977-

1981
16.
38.
54,

135,

144,

1
2
4

165.0

248,
247.
264,
269.

N O

Percent Increase in
Rate over Preceding
Year of Age

137.3
42.4
149.2
6.9
13.9
50.3

6.5
2.0

[ S
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PREVALENCE OF Vi ANTIBODY* IN CHRONIC SALMONELLA TYPHI CARRIERS,

Group

Chronic S. typhi
carriers

Acute
typhnid 'fever
patients

Non-carriers** who
had acute typhoid
fever 12/14

months earlier

Healthy Chilean
adults

32

Table 7

Geometric
Mean

Characteristics N Titer
female >25 yrs. 36 296
Both sexes,
mostly age :
10-30 yrs. 2y - 53

p<0.001:
female >25 yrs. 388 S La
Both sexes
>25 yrs, 59 16

ACUTE TYPHOID FEVER, AND HEALTH POPULATIONS IN CHILE

p<0.01

92

97

*Measured by passive hemagglutination using highly purified Vi antigen.

**Negative stool (3) and bile cultures.

>160
75~
38
' p<0 .000C
g— ' 4
3
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TYPHI WITH A 28 DAY COURSE OF ORAL AMOXICILLIN (2gm TID)

Cate of Completing

Therapy

*Based on monthly
post-therapy for up to 12 months.

Sept. 1981
Dec. 1981
Jan. 1982
April 1982
April 1982
April 1982
May 1982
May 1982
July 1982
July 1982
July 1982
August 1982
August 1982
August 1982
Sept. 1982
Sept. 1982
Sept. 1982
Oct. 1982
Oct. 1982°
Nov. 1982
Nov. 1982
Nov. 1982
Dec. 1982

TNot tested

a3

Table 8

AND PROBENECID (0.5gm TID)

Gallstones

+
NT
NT
NT
NT
+
+
+
NT
NT
NT
+
NT
NT
+
+
+
NT
+
NT
NT
+
NT

1.

Success

PROGRESS REPORT OF TREATMENT OF CHRONIC BILIARY CARRIERS OF SALMONELLA

Outcome of Treatment®

<+

-+

Failure

+(6)*

+(4)
+(1)
+(4)
+(1)
+(1)

+(2)
+(1)

+(2)

+(1)

results pending

bacteriologic examinations of stool and bile

*#*() Months post-therapy when S. typhi was first detected.

AENY 3 SR

[ R

R T

YW T




yoes $ooHeN 8 0 YIIa sornsded z 193ye ueye3 ouydoea Sujuyejuod arnsded =wua~ou+ )

£poqraue 0 FYdA3 °S VSI'ld JO einseom 3D3XTP B ST Wu 00p I8 A3ysusp reoyido 3aN '
. L

mhmuv nmu.ouvv.caomun aoa.cu«v.oﬁomun mm noumuz\z«ummou a

(r¥) L (60°0) 9z°0 (s?) ¥ (g0°0) zz'0 (61) € 91 Po3180d dTI93UY y

) asop aaayl w

(£2) ¢ (50°0) 820 () e (so'0) ¢v£°0 (0Z) 9 og pa3vod oyxajug “

& *

asop oML w

(zg) »1 (60°0) 6v'0 (02Z) 6 (90°0) 1£°0 (02)°'6 124 +n8=¢z\=3:8 1
(61) ¢ (s0°0) 9z°0 (¥1) S (90°0) 9z°'0 (11) ¢ o¢ pe3eod djIajuy
asop suQ m

SUOTSI2AUO0D013§  A3fsuoq [ed13do (%) °oN A3ysuag 1en¥3do (%) *ON  pojBuldOBA  UOTIRTNUIOJ pu®B 3s0(Q w
LT 39N urt ¢ 33N U¥ SIINPY *ON “

(%) °ON 1e30L 3sTY (I3s) uesp 8sTY (w3s) uean
SUOTSIIAUO0D0IAS 93] SUOTSIIAUODI0IBS WAL K

SNOTLVIUNNOS INTFYIIAIG OML NI SNIDOVA IHAAL *S BIZAL 4O SISO WSINVOUO 0T JHUHL U0 ‘OML ‘INO 40 NOILSIONI A

YILIV SNOISYIANOIOUAS HLIM NIYATIHD NI ALISNAG TVOIL4O 1IN NI ASIH NVIW aNV XQOGIINY O :

THdAL VITINOWTVS VSITd 931 40 W31 NI NOISYJANODOHIS V ONIAVH SLINGY °S°N 40 FOVINIDYAd OGNV HFGWNN

6 d1qelL




*pa329313p IS4l SBM ;udxz ~¢ uaym Adeaayz-3sod SYIUOW ()x=
pe3sal 10N+

syjuow 21 03 dn J4oj Adesay3-3sod
311Qq pue (0035 30 SUOLIRULWEXI a16o|ot4a3deq A{Yyjuow U0 pasegy

Buipuad s3nsad IN 2861 °939Q £e
(1)+ + 2861 "AON 22
+ IN 2861 °“AON 12
+ N 2861 "AON 02
(2)+ + 2861 "320 61
IN 2861 "320 81
+ + 2861 "3das L1
(1)+ + 2861 °3das 91
(2)+ + 2861 "3das St
+ N 2861 asnbny 12
+ IN 2861 3snbny €1
(1)+ + 2861 3snbny 21
+ N . 2861 ALnr 11
(1)+ IN 2861 AL 01
+ IN 2861 Aine 6

(v)+ + 2861 Aen 8
(1)+ + 2861 AW L
(p)+ + 2861 Liudy 9
+ 1IN 2861 Liudy S

+ N 2861 Ltudy b

+ IN 2861 “uep £

»x(9)+ SN 1861 "93Q 4
+ + 1861 "3das 1

Janjieq EEELS Sau03s| 1Py Adeasy] FETNEL]

buijajduoy jo0 aijeq

»JUSWIRAL] JO 3WOIINQ
(011 wbg°0) QIIINIGOYd ANV
(QIL w6z) NITTIDIXOWY Tv¥0 40 3SUN0D AVG 8Z VY HLIM THAAL
VI13NOWTUS 40 S¥IIYD A¥YITIS JINOYHI 30 INIWLYIML 40 1¥0d3¥ SSIYI0Yd

8 alqel




££6°T £0S°T 006°LZ £69°LZ PEI‘8T £o1°88 8gz‘z6 ZTei6el SS9°¢ LTz Te30L

(yanxey) ;
SSy 1SS £LYP'T  169°C  86S5°C 8958 €sg‘6 089°01 $01 14 HO ofatdwo) :
69 911 192°1 18 ZAR 8¥Z°1 SE6°E 8PIY 128 Ak!] 1 ¥ A 11 eAodutd A,
ZS 1 %% ovs 1.8 SZ6 12L°2 068°2 162°¢ 821 8 Tauoy g .
L9 86 i8¢y F44 4 909 y89°1 €L9°1 005°2 ¢11 £l TWL ITL
691 ¢61 01’1 ZZ1°1 060°1 8L9°S 9LL'S S€8°S LLT 91 BUTTOD w
u9 L 6¢2¢ LT 21z 008 L08 £65°1 <SS 9 odnjeq w
E 3 § Y4 1] %Y 9L 90v 0S1°1 8SZ°1 L6L'1 0s S evdurer N
Zs 1 4) £61°S 810°¢S 1A S ovv‘e6 12201 pI£°ST SS¢ 91 OSITAIPI®EA m

W
9s 9 8SI°T 191°1 6421 889°¢ £09°¢ 010°9 191 6 ofT1330) 14 '
SsS 0S 0zL LZL 61L L2 9£S°Z SESY STt L zndueay o7 m
e L8 T 016°1 206°1 vZ6°1 SP6°s 994°9 990°T1 £1¢ | ¢4 uotng B3uInd T
LT eve 0T0‘¢ z20°¢p p18‘S 90121 665°21 68E°61 0ss 9¢ BIXIJITS seonT v
991 9p1 SZYey €8E‘Y 6T1E‘Y 6EV ST qgs8°s1 88°1¢2 S09 rAY B1ouapuadapug “
S19 9¢L 99.L°S 0zZL*S 106%S 8EL‘81 £50°61 918°SZ 91L 9 Tanxepn !
q4 v ad v k%% pajeurddep  Jdurzdeddy sjuapnig S9SSBI) s1ooyds 01I03[NSU0) ”
s3juapnis . sjuapnig 3o °*oN Jo ‘oN 3o °*oN _
POATadaY ouyddep JO odAL 3o *oN Jo *oN

m 2861 INNC-AVI

| ‘A1IHD ‘O9VILNVS ‘JIMON vayy ‘(aNITd 379n0d) 089DVId 40 ANIDIVA TVHO BIZAL IHJAL VITANOWIVS
W mommmooozhzomzo:smzmmp<zHuu<>zmzogH=uaoo=ummozmmz:zama<zﬁpmm
,
W

01 21quL _




( LN

G rf‘E' o "

Appendix A

THE JOURNAL OF INFECTIOUS DISEASES « VOL. 145, NO. 6 « DECEMBER 192
© 1962 by The University of Chicago. Al rights reserved. 0022- 1 899/82/4606-0002500.73

Precise Estimation of the Numbers of Chronic Carriers of Salmonella typhi

in Santiago, Chile, an Endemic Area

Myron M. Levine, Robert E. Black, Claudio Lanata,
and the Chilean Typhoid Committee

From the Center for Vaccine Development,
University of Maryland School of Medicine,
Baliimore, Maryland; and the Ministry of Health,
Santiago, Chile

As part of a program to control endemic typhoid fever in Santiago, Chile, an assess-
ment was made of the magnitude of the reservoir of chronic carriers of Salmone!!a typhi.
The availability of an accurate census and reliable data on the prevalence of biliary dis-
ease and of S. (yphi carriage among persons with cholecystitis allowed an unusually pre-
cise estimate of the number of carriers. In 1980 there existed 25,019 female and 4,575
male carriers in a population of 4,264,514, yielding a crude prevalence of 694 carriers
per 10* population. Because of the magnitude of this human reservoir, which includes
many females of <40 years of age, it is recommended that a typhoid control program
include the identification of carriers followed by health education and therapeutic

interventions.

The human population is the reservoir as well as
the natural host for Salmonella typhi. In general,
~2%-5% of all individuals who develop clinical
or subclinical infection with S. typhi become
chronic gallbladder carriers and thereby serve to
maintain endemicity of the disease {1-6]. The pro-
pensity to become a chronic carrier after acute in-

‘fection increases with age and is greater in women

{1, 2, 5, 7], observations which are in keeping with
the epidemiology of cholelithiasis [8-11].
Typhoid fever is highly endemic in Santiago,
Chile, despite the widespread availability of pota-
ble water, the sewered sanitation, and the effective
control of most other communicable diseases {12,
13]. Chi.¢ also has one of the highest prevalences
of cholelithiasis in the world [10, 11, 14]. This
combination of a high incidence of typhoid fever
and a high prevalence of gallbladder disease prob-
ably results in a high prevalence of chronic car-
riers. Continued contamination of vehicles of
transmission by these carriers maintains the
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land 21201.

724

endemic cycle and interferes with effective control
of typhoid fever.

As part of a program to control endemic ty-
phoid fever in Santiago, we estimated the number
of chronic S. typhi carriers. The availability in
Santiago of a reliable census, coupled with a large
necropsy survey of the prevalence of cholelithiasis
and quantitative data on the frequency of S. typhi
carriage among persons with cholecystic disease,
provided an opportunity to assess the magnitude
of the human reservoir of infection with a preci-
sion heretofore not possible.

Materials and Methods

The sizes of the male and female populations of
Santiago were obtained from official census data
(15]. The prevalence of persons with gallbladder
disease in each decennial age group over 10 years
of age was obtained from 1,967 autopsies per-
formed at the Medico-Legal Institute, Santiago
[10]); in the vast majority of instances, these autop-
sies were performed on persons who died as a re-
sult of motor vehicle accidents or other trauma
[10]. The percentage of persons in each age group
who had gallbladder disease was multiplied by the
number of persons of that age in the general popu-
lation to estimate the number with gallbladder
disease.

The prevalence of chronic infection of the gall-
bladder with S. typhi among persons with biliary
disease in 1980 is known from a recent study of
persons undergoing cholecystectomy in seven ma-
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Chronic carriers of S. typhi

Table 1. Estimaté of the number of chronic carriers of Salmonella typhi in Santiago, Chile, in 1980 based on the
prevalence of gallbladder disease in the population and the prevalence of chrornic infection with S. fyphi in persons

with cholelithiasis.

Age group (years)

Characteristic 10-19 20-29 30-39 40-49 $0-59 60-69 70-79 »80 Total
Female 443,408 407,190 323,987 221,209 169,221 113,581 59,238 21,714 1,759,548
Cholelithiasis (W)* 9.7 234 43.1 L1% 60.0 69.2 9.2 3.5 eee

Cholelithiasis? 43,010 95,282 139,638 114,365 101,533 78,598 40,993 12,051 620,675
S. typhi carriert 1,720 3811 5,586 4,575 4,061 3144 1,640 482 25,019
Carriers per 10*
population 333 940 1,724 2,068 2,400 2,768 2,768 2,220 e
Male 438,665 373,895 294,595 193,984 139,772 82,883 39,221 9,536 1,572,551
Cholelithiasis (%9)* 0 4.3 13.4 16.7 19.8 .7 43.5 40.0 vee
Cholelithiasis? 0 16,828 39,476 32,395 27,678 20472 17,061 3,814 157,718
S. typhi carrierd 0 488 1,148 939 803 $94 495 11 4,578
Carriers per 10? .
population 0 131 389 484 §73 n 1,262 1,164 vee

NOTE. Data are no. of persons except where percentages are indicated.
® Percentages based on 1,967 persons sturlied at autopsy at the Medico-Legal Iastitute, Santiago.
1 Estimate computed by multiplying the no. of persons in each age group of the general population by the percentage of persons in

that age group who were found to have cholelithiasis at autopsy.

$ Estimate based on the observation that 4% of females and 2.9% of males with gallbladder disease in Santiago have chronic

S. typhi bile infection {16].

jor hospitals in Santiago [16]. Cultures of bile and
gallbladder were made at the time of surgery from
1,000 consecutive patients of all ages. The mean
prevalence of S. typhi carriage was 4.0% among
the 796 female patients, and there was little varia-
tion by age; the mean prevalence of S. typhi
among the 204 male patients was 2.9%. The mean
prevalence of S. typhi infection for eaci sex was
multiplied by the calculated number of persons
with gallbladder disease within each age group to
derive the number of chronic carriers.

Resuits

A summary of the population of Santiago in 1980
by age and sex, the number of persons with gall-
bladder disease, and the calculated number of
S. typhi carriers is shown in table 1. In total,
25,019 female and 4,575 male chronic carriers of
S. typhi over 10 years of age were calculated to ex-
ist among the population of 4,264,514 in greater
Santiago; the overall prevalence was 694 carriers
per 10* population. The prevalence of chronic car-
riers increased with age; among women over 40
years of age, 2.1%-2.8% (that is, 2,068-2,768 per
10* women) were computed to be chronic S. typhi
carriers.

Discussios

Typhoid fever is highly endemic in Chile, (the an-
nual incidence since 1975 has ranged from 59 to
121 cases per 10° population), particularly in San-
tiago where peak incidence rates occur in older
schoolchildrea and young adults. This has been
somewhat enigmatic to epidemiologists, since
based on other demographic, socioeconomice, and
health indicators, Chile is a fairly developed coun-
try. The relationship between biliary disease and
chronic S. typhi carriage has been recognized for
many decades [1-7]. Chile also has one of the
highest prevalences of gallbladder disease in the
world (10, 11, 14], and gallbladder disease ap-
pears among young female Chileans {10, 11]). We
therefore surmised that there must exist a partic-
ularly high prevalence of chronic carriers in San-
tiago who serve as reservoirs and disseminators of
S. typhi and who help maintain a high level of en-
demicity of typhoid fever.

The present report provides the most precise esti-
mation ever made of the number and prevalence
of chronic carriers of S. {yphi in an endemic area.
This precision was possible because of the ex-
istence of accurate data providing the age-specific
prevalence of cholelithiasis [10, 11] and the fre-
quency of chronic biliary infection with S. typhi
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among persons with gallbladder disease {16]. The
few previous attempts at estimating the number of
chronic carriers of S. fyphi in other geographic
areas were rough estimates which, with one excep-
tion, did not take into account the relationship be-

. tween the age of the patient at the time of acute in-

fection and the development of the chronic carrier
state [7, 17, 18].

The large number of chronic carriers of S. {yphi
(29,594 persons) and the high crude prevalence
rate (694 carriers per 10* population) calculated
for Santiago demonstrate the notable magnitude
of the human reservoir of S. typhi. Furthermore,
the existence of many carriers younger than 30
years of age implies that a significant reservoir will
be present for many decades to come.

The outstanding efficacy of Ty 2!a attenuated
S. typhi oral vaccine in preventing acute typhoid
fever in Alexandria, Egypt, has generated con-
siderable hope that mass application of this vac-
cine in endemic areas may greatly diminish the in-
cidence of typhoid fever and can serve as the key-
stone of typhoid fever control programs [19].
Nevertheless, the identification of chronic S. typhi

" carriers followed by health education, counseling,

and treatment should also be considered critical
components of a typhoid fever control program.
In this context it would be particularly beneficial
to identify young carriers (<40 years of age) who
will play a role for meny decades in disseminating
S. typhi, Simple serologic [20] and bacteriologic
[21] methods have become available to screen for
S. typhi biliary carriers. Similarly, preliminary ex-
perience suggests that there now exists an effec-
tive, nonsurgical, domiciliary therapy to eradicate
chronic S. typhi gallbladder infection (22}]; the
therapy involves a 28-day course of oral amoxicil-
lin and probenecid [22] (C.L., unpublished obser-
vations). Identification, supervision, and treat-
ment of chronic carriers should be part of a
typhoid fever control program.
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Detection of urinary Vi antigen as a diagnostic test for typhoid
Fever
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ABSTRACT

Since Vi antigen is nearly unique to Salmonella typhi, it has been thought

that detection of the antigen may be a useful method to diagnose acute
typhoid. The slide coagglutination and enzyme linked immunosorbent methods
(ELISA) have recently been suggested as ways to detect small quantities of Vi
antigen in urine. We compared the results of these 2 methods in Santiago,
Chile among patients with acute typhoid, paratyphoid, other febrile illnesses
and afebrile control subjects. Using a cutoff value that maximally separated
typhoid patients from control’s, the ELISA method was positive in 62.4% of 141
culture-proven cases of typhoid when 13.2X of 159 afebrile control subjects
were positive, but the ELISA test was falsely positive in 64.7% of patients
with culture-proven paratyphoid A of B and 47.17 of 21 patients with other
non-typhoidal febiile illnesses. The coagglutination test was positive in 34X
of typhoid patients, 14% of afebrile control subjects, and 46% of febrile
control subjects. We conclude that these tests when performed wit% the
currently available Vi antibodies are of little value for the diagnosis of

typhoid.

e e TAHMRGT W SMERE L C S S o RERE e T T TEmREY T LT N N ] [ P

‘MY, ‘.t




LI VY

-,‘.--\-"‘v-«'-‘-"-w:v'; P ol g oW o ""'f_—":\"':‘l".‘r"?' ?:‘i":.." badt A R Calia N R A .
B .. P T} -~ e . . . e .- e N - . . o)

41

INTRODUCTION

Microbiologic methods for the diagnosis of typhoid are frequently not

available in rural areas of developing countries where typhoild is a major

problem. When microbiolbgic methods are available, identification of S. typhi

from blood or stool often takes several days and can be falsely negative 1if
antimicrobials have been previously administered. Cﬁrren:ly used immunologic
metﬁods to diagnose typhoid are of limited value. The most widely used
imminologic asséy is the Widal test for serum antibodies to O and H antigens.
In areas of the world where typhoid is endemic the test has been found to be
sensitive but non-specific. rFor gxample, Levine et al. rhave demonstrated O
antibodies to be elevated in 90% of typhoid patients in Mexico, but 0 and R
antibodies were elevated in 30 and 75Z, respectively, of healthy Peruvians
(4). Antibodies to the capsular Vi antigen of S. typhi are more specific for
typhoid but appear too late in the course of illress to affect deci'siops on
therapy (8).

Attempts to improve immunologic u.:ethods have focused on Vi antigen ‘
detection since this antigen 1s nearly unique to S. typhi and would presumably
be present early in the course of infection. Rockhill et al. have reported a
slide coagglutination test to detect soluble S. typhi Vi, D, and d antigens in
the urine of Indonesian patients witn typhoid. In a group of 61 culture
confirmed patients and 46 well control subjects the test was 97Z‘sensitive and
83% specific (7). To improve specificity Barrett et al. used an enzyme-linked

immunosorbent assay (ELISA) to detect urinary Vi antigen (1). ELISA provided

11111
.............
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an increase in Yoth sensitivity and specificity over the slide coaglutination
method in laboratory tests with pure antigen and in a limited field trial
performed in our laboratory.

Typhoid is endemic in many areas of South America. In Santiago, Chile,
the annual incidence of typhoid is 90 per 100,000 inhabitants. Over 50Z of
the cases occur during fhe summer months (December-March) and approximately
65X of the cases occur among persons 5-19 years of age (6). We compared the
diagnostic capabilities of the coagglutination and ELISA tests in Santilago

because of the particularly high incidence of typhoid, the availability of a

well-equipped laboratory, and the current interest in typhoid there in typhoid

stimulated by an ongoing oral typhoid vaccine trial.

METHODS

Case selection: Blood, stool, and occasionally marrow cultures are

obtained from patients seen at a large municipal pediatric hospital (Roberto
del Rio Hospital) or at an adult infectious diseases hospital (Infectious
Diseases Hospital) in Santiago, Chile when the diagnosis of typhoid or
paratyphoid fever is considered. We (DNT or JRH) collected a urine specimen
(15 ml) from patients with suspect typhoid seen at these 2 hospitals during
January and February 1982. Patilents with suspected typhoid were interviewed
and their hospital records reviewed to ascertain age, sex, hospital, date of
adaigsion, date of onset of fever, typhoid history, typhoid vaccination
history, symptoms, physical findings, and antimicroblal treatment. A case of

typhoid or paratyphoid was defined as the isolation of S. typhi or paratyphi

from blood, stool, or bone marrow from a patient clinically suspected of

having acute typhoid.
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Control subject selection: Afebrile patients admitted to surgical wards

of Roberto del Rio hospital or to a general medical hospital (Trudeau
Hospital) adjacent to the Infectious Diseases Hospital, during January and
February 1982 served as afebrile control subjects. These patients were
usually admitted for elective surgery and had no history of recent
infections. The reason for admission, history of previous typhoid, and
typhoid vaccination history were recorded. Patients who were admitted to the
pediatric or the adult infectious diseases hospital who had a clearly
diagnosed, non=-typhoidal febrile illness served as febrile control subjects.

Specimen handling: The urine specimens were collected from all inpatients

during the first 2 days after admission and from outpatients at the time blood
cultures were obtained. The urine was collected in 15 ml plastic tubes,
refrigerated at 5 C overnight, and tested for the presence of Vi antigen the

next day.

Microbiologic methods: Five ml of whole blood were inmoculated into 50 ml

of brain heart infusion broth at the pediatric hospital and 2 ml of whole
blood were inoculated into 15 ml of trypticase-salt-glucose broth at the
infectious diseases hospital. Stool specimens were inoculated onto a solid

agar medium (S~S or MacConkey). S. typhi and paratyphi were identified

according to standard methods (2).

Immunologic methods: Serum specimens obtained at admission from patients

with febrile illnesses were processed at each hospital for 0 and H antigens
(Widal test) using standard methods. Vi antibody titers were determined in 24
paired acute and convalescent sera from typhoid patients obtained during the

course of the study by an indirect hemagglutination method (5).
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The slide coagglutination test was done by the method of Rockhill et al

(Z), with Cowan I Staphlococcus aureus cells coated with anti-Citrobacter Vi

rabbit sera (1). Control cells were coated with normal rabbit antiserum that
did not cross react with Salmonella group or Vi antigens. Urine specimens
were tested with anti-Vi coated and control staphylococci on the same slide.
Agglutination was read af&er 1 minute of slide agitation. A positive test was
defined as agglutination with the anti-Vi coated cells but not with the
control cells. A negative test was defined as no agglutination with either
anti-Vi coated or control sera coated cells.i Any other combination was
defined as uninterpretable.

For the ELISA we used the inner 60 wells of 96 well polyvinyl microtiter
plates (Dynatech Laboratories, Inc., Alexandria, VA), and ran each specimen in
duplicate. One~half of the wells were coated with burro anti-Vi sera and one-
half were coated with normal horse serum (which cross-reacts with burro serum)
as described previously (1). The absorbance of tae coﬁcents of each well was
read 30 minutes after the addition of phosphatase substrate (Sigma 10&5 at 410
nm using a through the plate photometer (Dynatech Laboratories, Inc.). The
ELISA value was calculated as the ratio of the average absorbance in the Vi
coated wells to the average absorbance in the control serum wells, _>unded to
the nearest tenth., The test was standardized using serial Zilutions (100
nanograms to 100 picograms) of a highly purified Citrobacter Vi antigen

preparation.

Statistical methods: Discriminant analysis was performed to determine the

ELISA value that maximally separates the typhoid cases frcm the afebrile
controls. A classification function was then generated that determined the

nunber of cases and controls that could be correctly categorized., Multiple
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regression analysis was used to examine the relationship between the ELISA
scores of the typhoid cases and the afebrile controls con:rolling for age
group, hospital, prior history of typhoid, or typhoid vaccination. Linear
logistic regression was performed to injestigate the relationship between th:

coagglutination test result and case status controlling for age group,

0)

hospital, prior history of typhoid, or typhoid vaccination.

RESULTS

&

There were 188 culture proven cases of typhoid and 43 cases of paratyphoid
(table 1). S. typhi was isolated from blood in 81Z, from stool alone in 16%,
and from marrow alone in 3% of cases. S. typti was isolated from 427 of
persons suspected of having typhold. Sixty~three percent of typhoid cases
occurred in males and 727 of cases occurred in patients aged 10-29 years
(table 2). The mean age of typhoid or paratyphoid case patients was signifi-
cantly lower than the mean age of afebrile controls (p<0.061, t-test).

S. paratyphi-B was isolated from 32 of tie 43 paratyphoid cases. S.
paratyphi-B was isolated from the blood in 20 (63%) patients and from the
stool alone in 12 (37%) patients. S. paratyphi-A accounted for the remaining
11 cases. In 10 patients ti organism was isolated from the blood and in 1 it
was isolated from the stool. Sixty-seven percent of paratyphold cases “
occurred in males and 80% occurred in persons 10-29 years old (table 2).

In Chile a 100 picograms/ml preparation of Citrobacter Vi antigen gave a .
mean ELISA value of 2.0, 1 ng/ml gave a mean value of 6.7, and 10 ng/ml gave a ."'
near maximum mean value of 8.3. The test results for cases and controls

appear in table 3. Cases had significantly higher ELISA scores than did b; '

7 Ve
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controls (p<0.0001, t-test). The discriminant analysis using ELISA scores to
predict typhoid cases and afebrile controls yielded an F statistic that was
significant [F(1, 298) = 49.8, p<0.0001]. 1Ia the classification function, a
person with an ELISA score of 1.9 or below (rounded to the rearest tenth) is
classified as an afebrile control and one with a score of 2.0 or greater is
classified as a typhoid cdse. This function correctly classified 62.4% of the
cases and 86.8% of the afebrile controls. The effect of changing the cut-off
point for a positive ELISA value on the true and false positivity rate 1is
shown in figure 1.

Multiple regression analysis investigating the relationship between ELISA
and case status, age, hospital, prior history of typhoid, and typhoid
vaccination ylelded a significant F statistic [F(5, 164) = 5,28, p<0.01].
Controlling for the above variables, cases had significantly higher ELISA
scores than did controls [F(1l, 168) = 7.99, p<0.01].

Slide coagglutination could detect 100 ng of the Citrobacter Vi antigen
standard. Tﬁe slide coagglutination test was positive in 34% of typhoid, 48%
of paratyphoid, 46% of febrile control-subjects, and 147 of afebrile control-
patients, but frequently the test result was uninterpretable, largely because
of agglutination in control cells (table 3). Typhoid cases were more likely
than controls to have a positive coagglutination test when controlling for
previous history of typhoid, hospital, and age (p<0.05, linear logistic%
regression). A weak correlation between the ELISA and coagglutination test
scores of typhoid cases and afebrile controls was found (r=0.23, p<0.01).

Seventy-seven percent of typhoid cases and 44% of paratyphoid cases had an
0 antibody titer of >1:40 or an H antibody titer of 21:80. Titers were mot

obta’ned from afebrile control subjects. Antibodies to Vi antigen were

s
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detected in the convalescent sera of 11 (462) of 24 patients with culture
confirmed typhoid. The mean Vi antibody titer was 1:80 (range 1:10-1:320).
In all 24 sera tested, H and 0 antibody titers were elevated, and ELISA and
coagglutination test results did not differ by the presence of Vi antibody.
S. typhi isolated from p?:ients in Chile all agglutinated in Vi specific

antisera and S. paratyphi-A and B isolates did not.

DISCUSSION

Based on their ability to detect purified Citrobacter Vi antigen, we found
that the coagglutination and ELISA tests were equally sensitive in Chile and
in our laboratory in the U.S. However, in Chile detection of Vi antigen in
urine by either test was not a useful way to diagnose acute typhoid because of
low sensitivity and specificity and a largé number of uninterpretable test
results. The ELISA, which was 100 times more sensitive than the '
coagglutination test in detecting the Vi antigen standard, was moderately
useful in distinguishing typhoid cases from afebrile controls (specificity
87%, sensitivity 62%), but was not able to distinguish typhoid cases from
cases of paratyphoid or febrile controls.

The high percentage of paratyphoid illnesses with positive ELISA values
was unexpected since S. gara:zghoidfé and B do not possess Vi antigen; and
suggests that our Vi antibody reagents contain antibodies which cross-react

with paratyphoid organisms. S. typhi, paratyphi-A and paratyphi-B share the

0-12 antigen, but the Citrobacter freundii 5396/38, from which the Vi antigen

used to produce the rabbit antisera is obtained, does not, and the Citrobacter

Vi antiserum does not agglutinate S. paratyphi-A or B organisms. However, the
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ELISA and coagglutination test are considerably more sensitive than slide
agglutination and might detect cross-reactions that are not detectable in the
agglutination of whole organisms.

Both tests were difficult to interpret because of positive reactions in
normal serum coated cells and wells, which frequently occurred in the presence
of highly positive samples. This and positive reactions in febrile controls
suggests that there is something in febrile patients that is cross-reacting in
these test systems. Rockhill noted a similar phenomenon and suggested that
urinary leucocytes could cause non;specific agglutination which could be
eliminated by centrifugation of the urine specimens before testing. We were
unable to improve our results by this procedure,

In Chile, Vi antibodies were detected in less than half of the
convalescent sera tested. Since Vi antigen was present in almost all strains
of S. typhi isolated in Chile, perhaps there were qualitative or quantitative
differencegzzhe Vi antigen produced by the typhoid strains in Chile that might
explain the iover sengitivity of the coagglutination test in Chile than in
Indonesia. It is still noc clear that Vi antigens from Citrobacter or other
Vi-positive organisms are immunologically identical with Vi antigen(s) from S.
typhi (3), nor is it clear how Vi might be metabolized by the kidney before it
appears in the urine. The non-specificity of the currently available Vi
antibodies and our poor understanding of Vi antigens suggest that there is a
need for more specific, possibly monoclonal, antibodies directed to S. typhi
Vi and possibly at metabolites of Vi. Our results suggest that Vi antigen
tests are worth refining because test results, although non-specific, did not
appear to be affected by factors which have made other tests difficult to

v
interpret such as prior history of typhoid infection or‘;accination.
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Table 1

Patients with typhoid or paratyphoid and control subjects,
by hospital, Santiago, Chile, January-February 1982

Culture proven Febrile Afebrile
Typhoid Paratyphoid Controls Controls
Pediatric . ‘
inpatient 28 3 4 41
outpatient 12 7 0 22
Adult inpatient 148 33 29 98
Total 188 43 33 161
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Table 2
Sex and age distribution of patients and control subjects
Santiago, Chile, January~February 1982

Culture proven Febrile Afebrile
Typhoid Paratyphoid Controls Controls
N=188 N=43 N=33 N=161
z z z z
Males 63 67 50 55
Age group (yrs)
0~4 3 2 6 2
5-9 6 12 9 18
10-19 . 38 39 ‘ 34 24
20-29 34 41 19 5
30-39 12 2 13 12
40-49 7 2 7 11
50-5¢9 1 0 9 10
260 0 0 3 18
age unknown 8 2 12 1
Mean age 21.6 18.7 25.4 32,7
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Table 3
A couparison of 3 diagnostic tests for acute typhoid .
Santiago, Chile, January-February 1982 .
Culture proven Febrile Afebrile
Typhoid Paratyphoid Controls Controls
N=141 N34 N=21 N=159
ELISA value . -
mean 2.34 2.09 2.08 1.65
SD 1.05 0.47 0.52 0.62
95% range:
low 1.50 1.28 1.50 1.20
high 4,37 2.90 3.35 2.40 .
value >1.9% 62.4% 64.77% 47 .6% 13.27% g
COAGGLUTINATION
N=145 N=33 N=24 N=158
Positive 342 48% 462 14%
Negative 452 33% 332 452 -
uninterpret. 212 18% 21z 417 A
WIDAL
Reciprocal Ab titer
N=174 N=43 N 0
0>40 78% 52% 25% nt -
0>80 722 332 (174 nt he
02160 352 122 )4 nt
D40 78% 552 252 nt
>80 722 332 (14 nt
160 352 92 0z nt =
0240 or H>80 77% 442 25% nt
02160 or H>160 412 122 0z nt
* values rounded to nearest tenth
nt=mot tested :
-»
P
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Appendix c

NOMBRE:

r
- R

FIEBRE TIFOIDEA

N= FICHA

CODIGO N2

CONSULTORIO

&3 -

FECHA NAC.

VACUNA: ST [ /N0 /7 °
REFERIDO POR: EPIDEMIOLOGIA / /3 LABORATORIO 7 /; MEDICO PRIVADO / 7

DIAGNOSTICO: CONFIRMADO / /  SOSPECH0SO /7 /

EDAD

'HOSPITALIZACION : SI / / No /7

HOSPITAL :

SEX0: F/ /M ]

N® OBSERVACION

RESULTADO EXAMENES

TIPO

MIELOCULTIVO

- HEMOCULTIVO

COPROCULTIVO

AGLUTINACION :

OTROS

OBSERVACIONES:

E.O.

E.N.

E.O.

Bb}lo

FECHA

RESULTADO

L)

L L

o

’

’_" LR RN AR N
LA T




* Yappendix C

1.

II.

I1I.

IV.

V1.

VII.

x%)

- NOMBRE DEL MED1CO

N2 FICHA

INVESTIGACION VACUNACION ANTITIFICA ORAL (*)

NOMBRE: . EDAD

D1AGNOSTICO PRESUNTIVO:

17 FIEBRE TIFOIDEA

ANTECEDENTES PREVIOS AL EXAMEN:

FIEBRE SL /7 NO /77 DURACION

CONSTIPACION SI 7 NO /7
DIARREA SsI /7 w7

DOLOR ABDOMINAL SI 777 8o /7

-
o

CEFALEA  SI [T NO /7
SINTOMAS AL EXAMEN '

TEMPERATURA st 7 c°

HEPATOMEGALTA ST /7

ESPLENOMEGALIA st I7

METEORISMO - st /7

ROSEOLAS © ST 1=/

OBSERVACIONES:

(**)

FECHA NAC.

b4

TRNNY

-4
o

EXAMENES DE LABORATORIO:
- MEMOCULTIVO: FECHA DE TOMA DE MUESTRA

= OTROS

RESULTADO

DIACNOSTICO CLINICO -

~ (optativo)

Hacta 1a fecha de esta conaunlta.
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